T HIS communication
deals with an inquiry into the possible role of bacteria in the development of refractoriness to transfusion in dogs in prolonged hemorrhagic shock. The evidence to be offered gives strong support to the view that death from traumatic shock in which blood volume deficiency has been corrected is due to a toxin of bacterial origin.
METHOD
Hemorrhagic shock was produced in unanesthetized," healthy mongrel dogs by bleeding from a femoral artery (exposed without sterile precautions through a groin incision under local procaine anesthesia)
to an elevated reservoir adjusted to maintain the arterial pressure at 30 mm. Hg (I). Bottles, tubing and cannulae were freshly cleaned but not sterile. Heparin (50 mg.) was placed in the reservoir and tubing. Room temperature was maintained at 65' to 7o°F. The duration of the period of controlled hypotension was determined by the capacity of the individual dog to maintain a sufficient degree of compensation. Failure of vascular compensation was indicated by the spontaneous return of blood from the reservoir to the animal ('taking-up').
Experience in several hundred experiments had demonstrated that when 40 per cent of the maximum bleeding volume had been 'taken-up,' rapid reinfusion of the remainder via a femoral vein would be followed by only a temporary pressor response with subsequent relapse and death in some 90 per cent of dogs. The average duration of the period preceding replacement transfusion was 4 to 4.5 hours. If 40 per cent taking-up had not occurred within 8 hours at arterial pressure 30 mm. Hg, the controlled hypotension period was electively terminated by the reinfusion of the remainder of the shed blood. No therapy was given after blood replacement.
The relapse into shock was followed by death within an average of 6 hours; occasionally not until 18 was fed by hand twice daily until 2 successive stool cultures were free of E. coli and ctostridia (average [10] [11] [12] days). Dogs which developed anorexia or vomiting were discarded. None developed diarrhea. In later experiments, it was found that a pretreatment period of 6 days was adequate, whether or not stool cultures were free of E. coli and clostridia by this time. All dogs of group II received an additional 5 gm. of aureomycin in 150 cc. of saline by stomach tube 3 to 5 hours before shock was induced. 4 In a third series of dogs (group 111) pretreatment with aureomycin was limited to a single 5-gm. dose in saline by stomach tube 3 to 5 hours before induction of shock.
All C. Pathology. The livers of most untreated dogs showed predominantly centrilobular areas of necrosis which varied in size from minute foci to broad zones, whether or not the animal survived the period of shock. The livers of dogs which received prolonged pretreatment with aureomycin (group 11) showed little or no evidence of necrosis. In most of these there was extensive lipophanerosis of the centrilobular hepatic cells. This was not found in untreated dogs or in the group which received the single dose of aureomycin.
DISCUSSION
During the last decade investigators have struggled with the problem of standardizing the experimental conditions of traumatic shock. In the evaluation of the results of experiments, factors irrelevant to the process were all too often allowed to confuse the issue. It was, therefore, necessary to develop a technic as free of such factors as possible. This required, in our opinion, the control of environmental temperature and the elimination of irrelevant forms of stress such as anesthetics, fever, malnutrition, or the use of shock-inducing agents that introduce something more than the single traumatizing effect intended to produce the shock state. Analysis of the forces involved in the peripheral vascular collapse characteristic of shock is un-necessarily difficult and treacherous if, as in the case of burns, fluid loss and tissue necrosis produced by the burn is unavoidably complicated by bacterial contamination of the injured tissues. Tourniquet shock, likewise, is always a complex injury due to prolonged local ischemia, fall in blood volume and bacterial action at the site of the injured muscles. Moreover, anesthesia is an essential feature of the experimental conditions. Such considerations explain our emphasis upon simple blood letting in the unanesthetized animal as the least objectionable agent for the production of experimental shock. The need of producing a standard stress was met by allowing the animal to bleed so as to establish a continuously fixed level of severe hypotension. This required the use of a heparin-containing elevated reservoir for the shed blood, connected to the femoral artery, so that the blood pressure level remained constant at 30 mm. Hg, while the blood level in the reservoir might change in response to variations in the degree of compensatory vasoconstriction.
The loss of this compensatory reaction to the stress of deficient volume flow becomes manifest by the increasingly rapid return of blood from the reservoir. By this device, the volume of blood withdrawn and the duration of the period of controlled hypotension are determined by the individual animal's behavior and are not predetermined on the basis of behavior prediction from statistical data. To be sure this type of experiment has some disadvantages:
The dog is immobilized and is on its back, procaine and heparin have been injected, groin incisions made, vessels cannulated, and blood continuously exposed to foreign surfaces. In most experiments a small dose of morphine was given a few hours in advance of bleeding, but this is not objectionable because events are not noticeably different if the morphine is omitted altogether. All of these disadvantages, however, taken together, do not add up to any serious confusion in the analysis of the essential traumatizing forces involved, except one, namely, the possibility of bacterial contamination, since the procedure is not done with sterile precautions. Hence, bacterial action remains as a possible major complicating factor, which, in the ideal experiment, should be eliminated. The practical difficulties involved in an effort to do this are so formidable that the poor alternative of using the protective effect of large amounts of penicillin (in shock, after an average of 4 to 4.5 hours of fixed hypotension followed by blood replacement, whether or not penicillin was given. But penicillin has its limitations as an antibacterial agent. While cultures of the blood stream were often taken and found sterile, the pathogenicity of bacteria cultured from the groin wounds or introduced during experimental manipulations could not be definitively excluded. Their role was never considered substantive, because it was assumed that, even if pathogenic, they could hardly multiply within the time limits of the experiment so rapidly as to inflict a burden, superimposed upon that of tissue anoxia, sufficient to make the difference between success and failure of the transfusion.
In addition to the exogenous sources of bacterial contamination there are bacteria native to the internal environment of the dog-not only intraintestinal organisms, but those commonly present in the liver (3) (4) (5) (6) , and perhaps less frequently in other tissues (3, 6, 7), which might become activated by virtue of tissue anoxia.
In prior studies we had shown the central role of the liver in hemorrhagic shock by demonstrating, through crosscirculation experiments with healthy dogs, that maintenance of a good flow of arterial blood through the liver via the portal vein during the period of controlled hypotension prevented the development of refractoriness to transfusion (8). This was not achieved by a similar supply of arterial blood delivered to a femoral or jugular vein (8) . The maintenance of liver integrity in this fashion did not disclose the nature of the liver disorder in shock-nor its precise relation to peripheral vascular collapse. The best we could conclude was that either a substance essential for the maintenance of peripheral vascular function produced by the healthy liver was no longer being produced, or that a vascular depressant was being formed in the liver. There was no expressed or implied hint in the contributions by Shorr et al. (9) that the vasodepressor formed in anoxic liver is produced by bacteria. On the contrary, they find this substance to be ferritin, a normal constituent of many tissues, but which in the anoxic liver or muscle by reduction of S-S to -SH groups becomes converted to a vascular depressant (IO), the significance of which in shock remains to be demonstrated (2) .
The possible role of bacterial action in the liver in shock is suggested by a variety of data: a) Clostridia and other intestinal flora are commonly found in the liver (3) (4) (5) (6) . In anoxic states these may produce a vascular toxin directly or a toxin of tissue origin by causing cellular autolysis (I I, I 2, 5, 6, [13] [14] [15] .
This was especially emphasized by the observation that penicillin prevents the otherwise fatal effect of ligation of the hepatic artery (16, 17 by oral aureomycin therapy (3). Since intravenously administered aureomycin was no more effective than penicillin, these data indicate that the growth and production of toxin by organisms initially in the intestinal canal were involved in the lethal result.
The possibility that the tissue anoxia of shock might stimulate invasion of the liver by intestinal flora6 and activate such bacteria or those already in situ was suggested by the foregoing data.
Analysis of the bacteriologic data in tables 2 and 3 does not disclose which bacterial species is primarily involved or at what site the aureomycin exerts its therapeutic effect. However, the experiments were designed primarily to observe an effect, if any, upon survival, resulting from the action of an antibiotic, and the bacteriologic data from survivors are not strictly comparable to those from nonsurvivors because the survivors were not killed until at least 48 hours after recovery from shock. Nor are the comparative data quantitatively valid. Cultures of liver were made from biopsies which is a form of random sampling. The data show a somewhat better correlation between aerobic cultures and survival than between clostridial cultures and survival. But synergistic action may be operating and remains undetermined.
Possibly a difference in toxin production by clostridial organisms in 25 per cent of these exudates were found to be toxic (24) .
The pathologic data demonstrate some protective action by aureomycin on the liver parenchyma, but the fact that aureomycin inhibits hepatic necrosis does not establish a necessary relationship between the necrosis and the lethal process in shock. Late in shock the efficiency of the liver as a bacterial filter is reduced so that effects of bacterial action on other tissues, e.g. the vessels themselves, must be determined.
SUMMARY

Pretreatment
with oral aureomycin results in the recovery of 88 per cent of dogs subjected to a period of hemorrhagic shock which proves lethal to 88 per cent of those which receive no antibiotic.
Bacterial action facilitates the development of 'irreversibility' to transfusion in hemorrhagic shock.
